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SUMMARY 
I n t e n s i v e  i n v e s t i g a t i o n  of g l a s s  f i b e r s  drawn from UARL g l a s s  conpos i t ion  
344 has shown t h a t  such f i b e r s  can b e  r e a d i l y  and cont inuously drawn at h igh  
r a t e s  of speed and r e s t a r t e d  a t  w i l l .  Over f o r t y  m i l l i o n  f e e t  of t h e s e  f i b e r s  
have been drawn through an o r i f i c e  of 0.038 i n .  d i a  a t  o r i f  i c e  temperatures  from 
1260°c t o  1310°C, wi th  l e a d s  of molten g l a s s  from 3/8  i n .  t o  1 1 / 2  i n . ,  and a t  
winding speeds of 4000 t o  8000 f t /min  ( t h e  t o p  speed on our winder ) .  
The UARL 344 g l a s s  f i b e r s  processed under t h e s e  condi t ions  show e x c e l l e n t  
p r o p e r t i e s .  Diameters vary  from 0 .2  t o  0 .4  m i l  f o r  t h e s e  f i b e r s  which have a  
Young's modulus of 18.6 m i l l i o n  p s i ,  a  s p e c i f i c  modulus of 157 m i l l i o n  inches and 
s t r e n g t h s  which i n  twenty-two consecut ive measurements averaged 772,000 p s i  and 
ranged from 600,000 t o  1,000,000 a f t e r  extreme values were d iscarded .  
A l i m i t e d  eva lua t ion  of t h e  UARL g l a s s  f i b e r s  i n  a r e s i n  mat r ix  has been 
very encouraging and ind ica t ed  a  u n i d i r e c t i o n a l  l o n g i t u d i n a l  modulus as  h igh  a s  
twelve m i l l i o n  p s i ,  shea r  s t r eng ths  a s  h igh  a s  16,000 p s i ,  and t e n s i l e  s t r e n g t h s  
(uns ized)  of 270,000 p s i .  UARL s c i e n t i s t s  c a l c u l a t e  f o r  a  70 v o l  % g l a s s  f i b e r -  
r e s i n  mat r ix  - +45' alignment,  t h a t  t h e  r e s u l t s  w i l l  b e :  
Density Modulus S p e c i f i c  Modulus 
F ibe r  l b s / i n .  m i l l i o n  p s i  t e n  m i l l i o n  inches 
E 
S 
UARL 344 
I n  a d d i t i o n  t o  t h e  b a s i c  composition, a  number of v a r i a n t s  of UARL 344 g l a s s  
have been prepared and e leven  of t h e s e  show higher  s p e c i f i c  moduli wi th  t h r e e  
having h igher  abso lu t e  moduli as w e l l .  
While t h e  s tudy  of t h e  UARL g l a s s  composition and i t s  p o t e n t i a l i t i e s  has been 
t h e  b igger  h a l f  of t h e  e f f o r t  i n  t h e  second q u a r t e r ,  research  toward an improved 
non-toxic g l a s s  f i b e r  t o  compete with o r  surpass  t h e  UARL 344 g l a s s  f i b e r  has been 
resumed and r ecen t  r e s u l t s  obtained a r e  given i n  t h i s  r e p o r t .  
INTRODUCTION 
This i s  t h e  second q u a r t e r l y  r epo r t  on t h e  new c o n t r a c t  between UARL and 
NASA Headquarters ,  namely NASW-2013, whose t i t l e  i s  " Inves t iga t ion  of t h e  
Kine t ics  of C r y s t a l l i z a t i o n  of Seve ra l  High Temperature Glass Systems". This  
research  fol lows d i r e c t l y  from t h e  former con t r ac t  NASW-1301, " Inves t iga t ion  
of t h e  Kine t i c s  of C r y s t a l l i z a t i o n  of Molten Binary and Ternary Oxide Systems'' 
under which s i x t e e n  q u a r t e r l y  r e p o r t s  were i s sued .  It d i f f e r s  i n  t h e  s i n g l e  
very  important  r e s p e c t  t h a t  a s i z a b l e  po r t ion  of t h e  r e sea rch  e f f o r t  dea ls  w i th  
t h e  s e l e c t i o n  of t h e  two compositions most promising f o r  g l a s s  f i b e r s  wi th  out- 
s tanding  p r o p e r t i e s  and t h e  i n v e s t i g a t i o n  of  t hose  problems t h a t  a r i s e  when an 
e f f o r t  i s  made t o  produce l a r g e  q u a n t i t i e s  of t h e s e  f l b e r s ,  o r  t o  manufacture 
g l a s s  f i b e r - p l a s t i c  r e s i n  composites,  and t o  ex t ens ive ly  s tudy t h e i r  p r o p e r t i e s  
not  a s  y e t  measured. Because we have done r e l a t i v e l y  very  l i t t l e  of t h i s  t y p e  
of r e sea rch ,  t h e  f i r s t  two q u a r t e r s  of t h e  new con t r ac t  r ep re sen t  a marked con- 
c e n t r a t i o n  of e f f o r t  i n  t h e s e  a r e a s .  The f i r s t  p a r t  of t h e  r e p o r t  i s  comprised, 
t h e r e f o r e ,  of t h e  changes i n  bushing design necessary t o  produce more than  f o r t y  
m i l l i o n  f e e t  of t h e  UARL 344 g l a s s  composition a s  monofilaments, an e s t ima te  of 
t h e  cos t  per  pound of t h e  ing red ien t s  i f  t h e  g l a s s  were t o  be  produced i n  m i l l i o n  
pound l o t s ,  an assessment of  t h e  so-ca l led  v i r g i n  f i b e r  s t r e n g t h ,  p repa ra t ion  
of compositional v a r i a n t s ,  and t h e  formation and eva lua t ion  of g l a s s  f i b e r - r e s i n  
components. 
Research of t h e  t y p e  c a r r i e d  out under t h e  f i r s t  c o n t r a c t ,  namely, t h e  
o r i g i n a t i o n  and eva lua t ion  of new g la s ses  was a l s o  resumed i n  t h i s  qua r t e r  and t h e  
r epo r t  inc ludes  t h e  compositions f o r  new g l a s s e s  UARL 433 through 454, as  w e l l  a s  
t h e  pre l iminary  eva lua t ion  of some of t h e  p r o p e r t i e s  of t h e s e  new g la s ses  t o g e t h e r  
wi th  a cont inuing s tudy  of t h e  p r o p e r t i e s  of t h e  g l a s s  compositions o r i g i n a t e d  i n  
t h e  two p r i o r  q u a r t e r s .  The aim of t h i s  research  i s  t o  invent  a non-toxic (no  
b e r y l l i a  con ten t )  g l a s s  composition wi th  p r o p e r t i e s  a t  l e a s t  equal  t o  t hose  of 
UARL 344 as  w e l l  as t o  develop a s t i l l  higher-modulus, h igher -s t rength  v e r s i o n  
of t h e  b e r y l l i a  conta in ing  g l a s s e s .  Tables a r e  included which ga the r  up a l l  of 
our p e r t i n e n t  experience be l i eved  t o  be s u i t a b l e  a s  guide pos t s  f o r  t h e  d i r e c t i o n s  
i n  which t o  move t o  o b t a i n  t h e  d e s i r e d  improved g l a s s  compositions.  
RESEARCH PRIMARILY CONCERNED WITH UARL 344 
GLASS AND ITS PROPERTIES 
A t  t h e  t ime of t h e  s t a r t  of t h e  new c o n t r a c t ,  UARL 344 g l a s s  had been success-  
f u l l y  f i b e r i z e d  only i n  t h e  o r i g i n a l  UARL poor man's bushing. Five m i l l i o n  f e e t  
of monofilament of t h i s  g l a s s  had been drawn through such bushings and i t s  modulus 
was known t o  be almost i n v a r i a b l e  with a va lue  of 18.6 m i l l i o n  p s i  i n  f i b e r  form. 
Nothing was y e t  known about t h e  s t r e n g t h  of t h i s  g l a s s ,  t h e  e f f e c t  of varying 
composition on t h e  p r o p e r t i e s  of t h i s  g l a s s ,  t h e  viscosi ty- temperature r e l a t i o n s h i p  
f o r  t h i s  g l a s s ,  nor even whether t h e  g l a s s  could be succes s fu l ly  f i b e r i z e d  i n  a 
comrnercial-type s ingle-hole  bushing.  The work of t h e  f i r s t  two q u a r t e r s  of t h e  
new c o n t r a c t  has l a r g e l y  answered t h e s e  quest ions a l though,  of course ,  it has  
a l s o  r a i s e d  some a d d i t i o n a l  ques t ions  a s  y e t  unanswered. 
Evolut ion Necessary I n  Commercial-Type S ing le  Hole Bushing 
I n  at tempting t o  form t h e  UARL 344 g l a s s  f i b e r  by means of a commercial 
t ype  s ingle-hole  bushing,  t h e  g l a s s  i t s e l f  was f i r s t  remelted t o  form a shaped 
s l u g  t h a t  would f i t  t h e  platinum-rhodium s ingle-hole  bushing shown i n  t h e  
engineering ske tch  a s  I A .  The bushing i t s e l f  was i n s u l a t e d  and hea ted  by a 
massive cu r r en t  (1000 mperes  a t  1 . 3  v o l t s ,  60 cyc le  a . c . )  suppl ied  through water- 
cooled copper e l ec t rodes .  Trouble quick ly  developed s'ince wi th  t h i s  o r i g i n a l  
design bushing of F ig .  l a ,  t h e  temperature a t  t h e  t o p  of t h e  plat inum bushing 
was approximately 350°C coo le r  t han  t h e  temperature on t h e  s i d e  of t h e  bushing 
and j u s t  a q u a r t e r  inch  above t h e  o r i f i c e .  As a consequence of t h e  l a c k  of 
s u f f i c i e n t  h e a t  a t  t h e  t o p  of t h e  bushing t o  prevent nuc lea t ion  of UARL g l a s s  344, 
t h e  g l a s s  br idged  across  t h e  t o p  and i n t e r f e r e d  wi th  t h e  con t inu i ty  of ope ra t ion  
by making it impossible  t o  charge a second shaped s l u g  of g l a s s .  As a temporary 
expedient  t o  a l l e v i a t e  t h i s  condi t ion  t h e  i n s t a l l a t i o n  of a gas-oxygen r i n g  burner  
around t h e  t o p  of t h e  bushing was sugges ted ,  bu t  i n s t e a d  it seemed simpler  t o  p l ace  
a hollowed-out r e f r a c t o r y  b r i c k  car ry ing  two s i l i c o n  carb ide  hea t ing  element on 
t o p  of t h e  bushing wi th  t h e  plat inum l i d  removed. This device proved s a t i s f a c t o r y  
and allowed t h e  necessary temperature d i s t r i b u t i o n  t o  be  obta ined ,  i . e .  t h e  t o p  
of t h e  furnace  approximately 45OC h o t t e r  than  t h e  bottom. 
Even wi th  t h i s  a u x i l i a r y  t o p  h e a t e r ,  no g l a s s  f i b e r s  were made i n i t i a l l y  
because t h e  g l a s s  d i d  not form t h e  proper  shape drop c l o s e  enough t o  t h e  o r i f i c e .  
A t  t h e  sugges t ion  of D r .  O t to ,  who was v i s i t i n g  UARL on o the r  bus ines s ,  a water  
cooler  was i n s t a l l e d  d i r e c t l y  below t h e  o r i f i c e  t o  r ep l ace  t h e  argon j e t  cool ing  
o r i g i n a l l y  used and t h i s  worked s a t i s f a c t o r i l y .  It was p o s s i b l e  t o  ca r ry  out  
f i b e r i z a t i o n  runs l a s t i n g  s e v e r a l  hours wi th  t h i s  apparatus  and more than  f i v e  
m i l l i o n  f e e t  of 0 .4  m i l  f i b e r  was prepared from t h e  s lugs  of UARL 344. I n  t h e  
meantime, t h e  o r i g i n a l  design of g l a s s  f i b e r  bushing shown i n  F ig .  l a  has been 
twice  changed a s  may b e  seen from F i g s .  l b  and l c .  The r e s u l t a n t  bushing appears 
as  shown i n  t h e  photograph of F ig .  2 .  Using t h i s  ve r s ion  of t h e  bushing more than  
f o r t y  m i l l i o n  f e e t  of UARL g l a s s  f i b e r  has been made without  any se r ious  i n t e r -  
rup t ions  o r  down t ime.  Operating v a r i a b l e s  have included a v a r i a t i o n  i n  o r i f i c e  
temperature from 1260°c t o  1310°c, a v a r i a t i o n  i n  t h e  head of  molten g l a s s  from 
1 112 i n .  t o  318 i n . ,  a v a r i a t i o n  i n  winding r a t e s  from 4000 t o  8000 f t /min .  
The mode of opera t ion  most succes s fu l  with t h e  s ingle-hole  bushing design 
sketched i n  F ig .  l c  and photographed i n  F ig .  2 i s  t o  completely f i l l  t h e  bushing 
with a prev ious ly  prepared g l a s s  s l u g ,  h e a t  t h e  mold t o  g ive  t h e  des i r ed  o r i f i c e  
tempera ture ,  allow t h e  drop t o  form and f a l l  t o  t h e  45O d e f l e c t i o n  pla,te near  t h e  
winder wi th  t h e  winder running slowly and t o  gradual ly  a c c e l e r a t e  t h e  winder u n t i l  
t h e  d e s i r e d  winding r a t e s  a r e  achieved. Glass i s  then  added a t  t h e  r a t e  o f  
about one 318 i n .  t h i c k  s l u g  s l i c e  every hour .  The winding can be  cont inued 
i n d e f i n i t e l y  i n  t h i s  manner o r  s t a r t e d  and stopped a t  w i l l ,  S ing le  l eng ths  of 
s e v e r a l  m i l l i o n  f e e t  i n  one p i ece  can be obta ined  during t h e  s i n g l e  working s h i f t  
t h a t  we normally opera te .  No t o p  h e a t e r  i s  needed wi th  t h i s  design.  
d910939-2  FIG, 
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The Measurement of  t h e  Viscosity-Temperature 
Curve f o r  UARL 344 Glass 
The device used t o  measure t h e  v i s c o s i t y  of t h e  UARL 344 g l a s s  a t  high 
temperature i s  t h e  Brookfield Synchro-Electr ic  Viscometer*. The device opera tes  
as  fo l lows .  A cy l inde r  o r  d i s c  o r  s p i n d l e  i s  r o t a t e d  i n  t h e  f l u i d  under t e s t  by 
means of a beryllium-copper s p r i n g .  The d e f l e c t i o n  of t h e  s p r i n g  i s  read  on a 
d i a l .  The d i a l  reading r e s u l t i n g  wi th  t h e  usua l  d i s c  i s  m u l t i p l i e d  by a simple 
cons tan t  t o  ob ta in  t h e  r e s u l t i n g  v i s c o s i t y  a t  t h e  p a r t i c u l a r  r o t a t i o n a l  speed. 
When s p e c i a l  design sp ind le s  a r e  used ,  t h e  device i s  c a l i b r a t e d  through t h e  use 
of o i l s  of known v i s c o s i t y .  Measurements made a t  d i f f e r e n t  speeds a r e  used t o  
descr ibe  t h e  complete flow p r o p e r t i e s  of t h e  m a t e r i a l  a t  hand. 
The Brookfield viscometer had never been used be fo re  a t  temperatures  a s  high 
as  t h o s e  l i k e l y  t o  occur i n  t h i s  c o n t r a c t .  However, t h i s  merely meant t h a t  t h e  
device must b e  equipped wi th  a long s h a f t  en t e r ing  t h e  furnace  and wi th  a s p i n d l e  
of s u i t a b l e  h igh  temperature m a t e r i a l .  S ing le -c rys t a l  t ungs t en  was s e l e c t e d  as 
t h e  s p i n d l e  m a t e r i a l  s i n c e  it can e a s i l y  be machined and does not r e l y  f o r  i t s  
machinabi l i ty  on t h e  u s u a l  a d u l t e r a n t s  n i c k e l  and copper added t o  normal t ungs t en  
t o  make it workable. This  m a t e r i a l  i s  known from previous research  t o  be  
compatible wi th  a l l  t h e  molten oxide systems i n v e s t i g a t e d  t o  da t e .  The s h a f t  i s  
a good grade of commercial tungs ten .  The tungs ten  assembly and t h e  Brookfield 
viscometer were then  c a l i b r a t e d  us ing  t h e  National  Bureau of Standards s t anda rd  
v i s c o s i t y  o i l  "P" and s u b s t i t u t i n g  an exact  s i l i c a  r e p l i c a  f o r  t h e  tungs t en  
c r u c i b l e  l a t e r  t o  be employed a t  high temperatures .  The e n t i r e  o i l  f i l l e d  c ruc ib l e  
i s  h e l d  a t  a temperature of - +0.005~C by use  of a constant  temperature ba th  and 
t h e  temperature v a r i e d  from -5OC t o  + l O o ° C .  
Once c a l i b r a t e d  t h e  Brookfield viscometer and t h e  tungs ten  assembly a r e  
i n s t a l l e d  i n  and on t h e  tungs t en  r e s i s t a n c e  furnace a s  shown i n  Fig.  3 and 
through t h e  use  of t h i s  equipment t h e  v iscos i ty- tempera ture  -curve f o r  UARL 344 
g l a s s  ske tched  i n  F ig .  4 i s  obtained.  While t h e  working range of t h e  UARL g l a s s  
i s  no t  a s  g r e a t  as t h a t  of Owens-Corning "E" g l a s s  sketched i n  t h e  same f i g u r e ,  
although wi th  a d i f f e r e n t  temperature s c a l e ,  it appears more than  s u f f i c i e n t  
s i n c e  it i s  approximately I O O O C .  And, indeed,  it has proven poss ib l e  by a 
v a r i a t i o n  of opera t ing  parameters t o  draw good q u a l i t y  f i b e r s  from t h e  UARL 344 
composition a t  high r a t e s  of speed over a very cons iderable  temperature range.  
Chemical Composition and Cost of Ing red ien t s  
i n  Large Q u a n t i t i e s  
The chemical composition of t h e  UARL 344 g l a s s  i s  shown i n  Table I i n  terms 
of t h e  a c t u a l  i ng red ien t s  used i n  forming t h e  g l a s s .  The copious evolu t ion  of 
gas from t h e s e  ing red ien t s  i s  s u f f i c i e n t  t o  completely f i r e  t h e  g l a s s  when t h e  
*Trademark, Brookfield Engineering Labora tor ies ,  I n c . ,  Stoughton, Mass. 
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Table I 
Chemical Composition of UARL-344 High Modulus Glass 
Weight Percentage 
Glass Composition Raw Mate r i a l  Composition 
36.2 22.6 
9 .0  
( a s  t h e  carbonate)  
50.6 
( a s  t h e  o x a l a t e )  
molten mixture i s  he ld  a t  temperatures  of  1 4 5 0 ~ ~  t o  1 5 2 0 ' ~  f o r  per iods  of two 
hours .  The molten g l a s s  i s  then  poured i n t o  a  hea ted  g r a p h i t e  mold t o  form t h e  
s l u g  used t o  l oad  t h e  s ingle-hole  bushing f o r  f i b e r  p repa ra t ion .  
The a c t u a l  cos t  of t h e  ing red ien t s  used t o  form t h e  g l a s s  a r e  shown i n  
Table I1 based on t h e  p r i c e s  quoted t o  us f o r  t h e  p repa ra t ion  of t h i s  g l a s s  i n  
m i l l i o n  pound l o t s .  It must be no t i ced  t h a t  t h e s e  p r i c e s  do not  inc lude  any 
processing charges o r  p r o f i t .  
Assessment of S t rength  
The s t r e n g t h  of t h e  g l a s s  i n  f i b e r  form i s  perhaps t h e  second most important  
parameter necessary i n  eva lua t ing  t h e  usefu lness  f o r  t h e  UARL 344 g l a s s  composition. 
The equipment used t o  s tudy  t h e  s t r e n g t h  i s  shown i n  d e t a i l  i n  F igs .  5  and 6.  
I n  F ig .  5 ,  t h e  t e n s i l e  s t r e n g t h  and t e n s i l e  modulus t e s t e r  is  shown un- 
encumbered by t h e  usua l  a s soc i a t ed  equipment. This t e s t e r  i s  equipped wi th  
interchangeable l oad  c e l l s ,  which can apply f u l l  s c a l e  loads  of 10 grams t o  200 
pounds. The f i b e r  t o  be t e s t e d  i s  h e l d  i n  p l ace  by s e a l i n g  wax which i s  so f t ened  
by nichrome wi re  h e a t e r s  embedded i n  t h e  two heads of t h e  t e s t  f i x t u r e .  For  a 
very s t rong  f i b e r  where t h e  s e a l i n g  wax cannot ho ld  t h e  f i b e r ,  epoxy can b e  used 
i n  p l ace  of s e a l i n g  wax. A cons tan t  l oad  i s  app l i ed  t o  t h e  f i b e r  by a  synchronous 
motor and a  d r i v e  screw. The output  of t h e  load  c e l l  can be  p l o t t e d  on a  c h a r t .  
I n  F ig .  6 ,  t h e  t e n s i l e  s t r e n g t h  t e s t e r  t oge the r  wi th  i t s  usua l  a s s o c i a t e d  
equipment i s  shown. The movable jaw t o  which t h e  f i b e r  i s  a t t ached  i s  des igna ted  
by t h e  l e t t e r  A and t h e  load  c e l l  platform t o  which t h e  o t h e r  end of  t h e  f i b e r  i s  
a t tached  i s  l e t t e r e d  B. These jaws ho ld  embedded h e a t e r s  t o  melt  t h e  s e a l i n g  wax 
used f o r  a t t a c h i n g  t h e  f i b e r .  Jaw A i s  then  dr iven  a t  a  cons tan t  r a t e  of 0 .03 
in . /min by a  synchronous motor, l e t t e r e d  C ,  and a  d r i v e  screw, D.  The l o a d  c e l l  
output  i n  microamperes i s  c a l i b r a t e d  i n  terms of microamps/gram load  on t h e  f i b e r .  
The f i b e r  diameter of t h e  break i s  determined microscopica l ly  and t h e  breaking 
s t r e s s  i s  t h e n  c a l c u l a t e d .  
Because of t h e  s e n s i t i v i t y  of g l a s s  f i b e r  t o  su r f ace  damage t h a t  can r e s u l t  
from winding it on a  drum o r  any s i m i l a r  c o n t a c t ,  and by exposure t o  uncon t ro l l ed  
atmosphere f o r  even very s h o r t  t i m e s ,  it has become t h e  p r a c t i c e  t o  r e p o r t  so- 
c a l l e d  " v i r g i n  s t r eng th"  of f r e s h l y  drawn g l a s s  f i b e r .  This  i s  accomplished by 
captur ing  a  sample of t h e  f i b e r  between t h e  b~zshing and t h e  winding drum ( s e e  
F ig .  7 ) ,  and measuring t h e  t e n s i l e  s t r e n g t h  as  quickly as  poss ib l e  be fo re  any 
obvious damage has occurred.  I n  captur ing  t h e  t e s t  specimen, a  paper t a b  f i b e r  
mounting system has proven d e s i r a b l e  because such a  system provides a  degree of 
self-al ignment  f o r  t h e  t e n s i l e  specimens, and t h e  paper mounts h e l p  absorb t h e  
energy of t h e  f i b e r  whiplash thus  damping f ly-out  . F u r t h e r ,  such a  system makes 
poss ib l e  t h e  p repa ra t ion  of s e v e r a l  t e n s i l e  specimens from each captured f i b e r .  
The capture  device i s  made long enough t o  engage e ighteen  inch  lengths  of f i b e r  
between t h e  bushing and t h e  take-up spool .  The captured f i b e r  i s  picked o f f  t h e  
capture  device using a  bent  wi re  frame t o  which t h e  f i b e r  i s  t emporar i ly  g lued ,  
and t r a n s f e r r e d  t o  a  precut  paper t a p e  cons i s t i ng  of f i b e r  paper mounting t a b s ,  
Table 11 
Cost o f  Raw Mate r i a l s  f o r  P r e p a r a t i o n  of  UARL 344 
Batch Ma te r i a l s  
S i l i c a  
Alumina 
Magnes i a 
Yttrium Oxalate  
Beryllium Carbonate 
grams requ i r ed  
181 
102 .3  
40.5 
40 5 
71.8 
Cost i n  Mi l l i on  Pound Lots 
pounds r equ i r ed  
o .0893 
0.8929 
0.1583 
1.7659 l b s  -+ 500 grams 
o r  1.1023 l b  f i n i s h e d  g l a s s  
Raw Mate r i a l  Cost pe r  100 
pounds/ l .  1023 pound drum 
S i l i c a  ( s and )  0.36197 0.90 
Alumina 0.20457 1.64 
Magnesia 0.08101 4.84 
Yttrium Oxalate  0.81003 75.00 
Beryllium Carbonate 0.14361 425.00 
Cost p e r  pound 
i n  m i l l i o n  pound 
Approx. $1.25 p e r  pound i n  m i l l i o n  pound l o t s  
J9 10939- 2 
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and then  a t t ached  t o  t h e  t a b s  using Banker 's wax ( a  ha rd  r ed  s e a l i n g  wax) appl ied  
wi th  a  penc i l - s ized  so lde r ing  i r o n .  The t e n s i l e  specimen i s  t hen  cu t  from t h e  
t ape  and mounted on t h e  t e s t i n g  machine ( s e e  F ig ,  8 ) .  
Using t h e s e  procedures ,  t h e  s t r e n g t h  measurements shown i n  Table 111 were 
obta ined .  The twenty-two consecut ive measurements l i s t e d  i n  t h i s  t a b l e  gave an 
average t e n s i l e  s t r e n g t h  of 772,000 pounds per  square inch  and d iscard ing  t h e  
t h r e e  lowest and t h r e e  h ighes t  values t h e  values range from 600,000 l b s / i n . *  t o  
1,000,000 p s i .  It w i l l  be  noted a l s o  t h a t  t h e r e  i s  a  cons iderable  v a r i a t i o n  i n  
diameter .  The range i n  s t r e n g t h  va lues  may be  due t o  gas t rapped  i n  t h e  g l a s s  
o r  l o c a l  l a c k  of uniformity i n  chemical composition o r  v a r i a t i o n  i n  o r i f i c e  
temperature o r  i n  t h e  l e v e l  of molten g l a s s  p re sen t  i n  t h e  bushing. U n t i l  t h e  
e f f e c t s  of such v a r i a b l e s  a r e  understood and e l imina tkd ,  we cannot say wi th  
c e r t a i n t y  what t h e  s t r e n g t h  of t h e  UARL 344 g l a s s  a c t u a l l y  i s  and t h e  average 
va lue  of 772,000 p s i  ob ta ined  should be regarded a s  t h e  lower l i m i t  of s t r e n g t h  
l i k e l y  t o  be obtained.  
P repa ra t ion  of Compositional Var ian ts  of  UARL 344 
I n  Table I V  we have l i s t e d  t h e  s e v e r a l  compositional v a r i a n t s  of t h e  UARL 
344 g l a s s  prepared t o  d a t e  t o g e t h e r  wi th  t h e  p r o p e r t i e s  ob ta ined  f o r  t h e s e  g l a s s e s .  
It w i l l  b e  noted t h a t  e leven of t h e s e  show higher  s p e c i f i c  moduli and t h r e e  of 
them have h igher  abso lu t e  moduli as  we l l .  The f i b e r i z i n g  q u a l i t i e s  of t h e s e  v a r i a n t  
compositions a r e  now under i n v e s t i g a t i o n  t o g e t h e r  with t h e  determinat ion of  
v i scos i ty- tempera ture  curves f o r  t h e  most improved composition. 
Incorpora t ion  of UARL 344 Glass F ibe r s  i n  P l a s t i c  Matrices 
The UARL g l a s s  f i b e r s  have been succes s fu l ly  added t o  s e v e r a l  p l a s t i c  ma t r ix  
composites. The r e s u l t s  of t h e  eva lua t ion  of t h e s e  composites i s  shown i n  Table V .  
It  w i l l  be  noted t h a t  t h e  epoxy-resin composite wi th  UARL g l a s s  f i b e r  shows a  
modulus f o r t y  percent  h igher  t han  t h a t  achievable wi th  t h e  most common type  of 
competi t ive g l a s s  f i b e r ,  and twenty percent  h igher  t han  t h a t  ob ta inable  w i th  t h e  
b e s t  a v a i l a b l e  grade of competi t ive f i b e r .  Specimens have been subjec ted  t o  
f l e x u r a l  s t r e s s e s  as  h igh  a s  277,000 p s i  a t  which p o i n t  shear  f a i l u r e  occurred.  
Composite t e n s i l e  s t r e n g t h s  i n  excess of 300,000 p s i  appear l i k e l y  wi th  t h e  
UARL 344 g l a s s  f i b e r .  Even f u r t h e r  i nc reases  i n  composite s t r eng th  may be  r e a l i z e d  
by applying a  s u r f a c e  f i n i s h  during t h e  p repa ra t ion  of t h e  f i b e r  although t h i s  
i n v e s t i g a t i o n  i s  s t i l l  i n  t h e  pre l iminary  s t a g e .  Shear s t r eng ths  a r e  g r e a t e r  t h a n  
16,000 p s i .  A p i c t u r e  of a  t y p i c a l  UARL f i b e r  g l a s s  p l a s t i c  composite i s  shown 
i n  F ig .  9 .  
Calcu la t ions  by M r .  R .  Novak of t h i s  l abo ra to ry  of t h e  modulus of a  70 v o l  % 
g l a s s  f i b e r  epoxy r e s i n  composition wi th  a  layup +45O shows t h e  marked advantage 
of UARL 344 g l a s s  f i b e r s  i n  modulus l i m i t e d  a p p l i c a t i o n s  : 
PAPER TAB FIBER MOUNTING SYSTEM 
Table I11 
Diameter 
(mi l s  ) 
Assessment of St reng th  of UARL 344 Glass F iber  
Area Breaking Load UTS 
( s quare m i l s  ) (pounds ) ( # / i n .  
Mean UTS 771,730 2 204,000 l b s / i n .  2 
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Table V 
Glass Fiber-2256-0820 Epoxy Resin Composites 
F l e x u r a l  P r o p e r t i e s  
Norm. t o  50 Vol % F l e x u r a l  
P r o p e r t i e s  
S t r eng th  Mo u lus  
103  p s i  10% p s i  
F ibe r  
S t r eng th  Mo4ulus 
Shear 
S t r eng th  
p s i  
F ibe r  
Volume 
% 
% 
Void 
-
Density 
g/cc 
UARL 344 
Glass 
Surf ace 
Treatment 105 106 p s i  
none 
none 
1% A-1100 
A-1100 + 
wet t ing  agent 
none 
none 
none 
235B 
231A + 2313 
237A + 231B-2 
235D + 231B-1 
HTS 
HT S 
HTS 
HTS 
HTS 
HTS 
a  f a i l e d  i n  s h e a r ,  S/D = 2011; o the r  f l e x  t e s t s  run a t  S/D = 3211 
b a f t e r  2  h r s  i n  b o i l i n g  water 6 % e n s i l e  p r ~ p e r t y ~ s t r e n g t h  250 x  103 p s i ,  modulus 10 .9  x  10 p s i  
' t ens i l e  property,  s t r e n g t h  266 x l o 3  p s i  
6910939-2 FIG, 9 
HIGH MODULUS GLASS REINFORCED POLYIMIDE COMPOSITE 
Fiber  
E 
S 
UARL 344 
Density Modulus Spec i f i c  Modulus 
l b s / i n  . 3 t e n  m i l l i o n  inches 
PROGRESS ON NEWER GLASS COMPOSITIONS 
This d i v i s i o n  of t h e  r e p o r t  i s  p r imar i ly  concerned wi th  t h e  resumption of  
a c t i v i t i e s  i n  o r i g i n a t i n g  and eva lua t ing  new g l a s s  compositions and i n  reviewing 
a l l  of our  a v a i l a b l e  d a t a  as  a guide f o r  t h e  d i r e c t i o n s  i n  which we should move 
i f  we want non-toxic g l a s s  compositions t h a t  a r e  t h e  equal  o r  b e t t e r  t han  t h e  
be ry l l i a - con ta in ing  UARL 344 composition whose p r o p e r t i e s  were reviewed i n  t h e  
previous s e c t i o n .  
New Compositions Prepared i n  t h e  Second Quar t e r  
Table V I  s t a t e s  i n  terms of grams of a c t u a l  i ng red ien t s  a l l  of t h e  new 
compositions o r i g i n a t e d  i n  t h i s  per iod .  As has been usua l  wi th  our r e c e n t  
research  i n  t h i s  a r e a ,  t h e  new g la s ses  developed a r e  e i t h e r  t hose  of t h e  c o r d i e r i t e -  
b e r y l  g l a s s  system t o  which r a r e  e a r t h s  have been added i n  major amounts o r  a r e  
" inver t"  analog types  of g l a s ses  wi th  r a r e  e a r t h  a d d i t i o n s .  This qua r t e r  a l s o  
f e a t u r e s  a more determined e f f o r t  of reducing t h e  dens i ty  of t h e s e  g l a s s e s  and 
improving t h e i r  f i b e r i z a b i l i t y  while  r e t a i n i n g  t h e i r  i nhe ren t ly  supe r io r  moduli .  
For t h e s e  purposes it w i l l  be  noted t h a t  many of t h e  g l a s s e s  conta in  l i t h i a  o r  
b o r i a  and many have z inc  oxide and reduced magnesia conten ts  o r  c a l c i a  and reduced 
alumina con ten t s .  S ince  t h e s e  g l a s s e s  a r e  s t i l l  under i n v e s t i g a t i o n  no d e f i n i t e  
conclusions can be  drawn a t  t h i s  t ime except t o  say t h a t  g l a s s e s  445,  447, 448, 
and 449 appear t o  be  much t h e  l e a s t  promising whi le  442, 443, and 446 seem t h e  
most hopeful .  
Moduli of Recent Glasses i n  Bulk Form 
The va lues  f o r  Young's modulus measured on bulk specimens of g l a s s  a r e  brought 
up t o  da t e  i n  Table V I I .  As i s  u s u a l ,  t h e s e  values a r e  measured by our  improved 
u l t r a s o n i c  technique  descr ibed  i n  e a r l i e r  r e p o r t s .  
Young's Moduli As Determined On Glass F ibers  
Table V I I I  l i s t s  a l l  t h e  values of moduli obtained r e c e n t l y  on g l a s s  f i b e r s .  
These values a r e  measured both a t  P a n m e t r i c s  using t h e i r  t h i n - l i n e  u l t r a s o n i c  
technique and a t  Lowell I n s t i t u t e  of Technology using an I n s t r o n  Test  Machine 
~ r i t h  a i r - ac tua t ed  g r i p s .  The agreement between t h e  two sources i s  e x c e l l e n t .  
Table V I  
New Glass  Compositions 
Actual  Ing red ien t s  i n  Grams 
Actual  Ing red ien t  
S i l i c a  (sio2) 
Alumina ( ~ 1 ~ 0 ~ )  
Zinc Carbonate 
Magnesia ( ~ ~ 0 )  
Lanthanum Oxalate  
Beryllium Carbonate 
Rare Ear th  Oxalate 
Yttrium Oxalate  
S i l i c a  (sio2) 
Alumina ( ~ 1 ~ 0 ~ )  
Lithium Carbonate 
Calcium Carbonate 
Zinc Carbonate 
Magnesia ( ~ ~ 0 )  
Lanthanum Oxalat e 
Beryllium Carbonate 
Yttrium Oxalate 
S i l i c a  ( ~ i 0 ~ )  
Alumina ( ~ 1 ~ 0  ) 
Lithium Carbonate 
Calcium Carbonate 
Zinc Carbonate 
Magnesia (Mg0 ) 
Fused Boric Acid 
Zirconium Aceta te  
Beryllium Carbonate 
Y t t r i u m  Oxalate  
Table V I  (Cont 'd) 
Actual Ingredient  
S i l i c a  ( s i 0 2 )  
Alumina ( ~ 1 ~ 0 ~ )  
Lithium Carbonate 
Calcium Carbonate 
Zinc Carbonate 
Magnesia ( ~ ~ 0 )  
Fused Boric Acid 
Lanthanum Oxalate 
Beryllium Carbonate 
Y t t r i u m  Oxalate 
Neodymium Oxalate 
S i l i c a  (sio2) 
Alumina ( ~ 1 ~ 0 ~ )  
Lithium Carbonate 
Calcium Carbonate 
Zinc Carbonate 
Magnesia ( M ~ o )  
Fused Boric Acid 
Copper Oxide 
Titanium Oxide 
(not  r u t i l e )  
Beryllium Carbonate 
F e r r i c  Oxide 
Yttrium Oxalate 
S i l i c a  (sio2) 
Alumina ( ~ 1 ~ 0 ~ )  
Lithium Carbonate 
Calcium Carbonate 
Zinc Carbonate 
Magnesia ( ~ ~ 0 )  
Fused Boric Acid 
Copper Oxide 
Titanium Oxide 
(not  r u t i l e )  
Beryllium Carbonate 
Yttrium Oxalate 
155.4 
67.8 
29.4 
66.5 
66.5 
--- 
--- 
l o .  6 
--- 
156.4 
68.1 
29 5 
13.4 
50.3 ' 
--- 
--- 
l o .  6 
--- 
Actual  Ing red ien t  
S i l i c a  ( s i o 2 )  
Alunina ( ~ 1 ~ 0 ~ )  
Lithium Carbonate 
Calcium Carbonate 
Zinc Carbonate 
Magnesia ( ~ ~ 0 )  
Fused Boric Acid 
Copper Oxide 
T i t a n i m  Oxide 
(no t  r u t i l e )  
Yttrium Oxalate  
Table V I  ( c o n t q d )  
Table VII 
Glass 
No. 
A l l  Values f o r  Young's Modulus Measured on C i rcu la r  Rods 
Formed D i r e c t l y  from Melt ,  Melts 360 e t  seq .  
Young ' s S p e c i f i c  
Density Modulus Modulus 
gms / cm l b s / i n .  m i l l i o n s ,  p s i  107 i n .  
Table V I I  (Cont'd) 
Young ' s 
Density Modulus 
lbs /in. millions, psi 
Specific 
Modulus 
107 in. 
Glass 
No. 
Density 
Table V I I  (Cont ' d )  
Glass 
No. 
Young ' s  
Density Modulus 
l b s  / i n .  3 m i l l i o n s ,  p s i  
S p e c i f i c  
Modulus 
107 i n .  
ci Table V I I I  u2 
P 
0 
u2 
Value. of Young's Modulus on Mechanically Drawn Fibers  of  UARL Experimental Glasses W \O 
A s  Determined by Measurements E i the r  on Tensi le  Test Equipment o r  Thin-Line Ul t rasonics  I iU 
6 Young's Nodulus 10 p s i  young s ~ o d u l u s  l o G p s i  young's ~ o d u l u s  l o b p s i  
Standard Standard Standard 
Glass Dev' a t i o n  
t3 
Glass D e v i a t  ion  Glass Deviation 
Nmber Tensi le  10  p s i  Number Tensi le  10Gpsi 6 Number Tensi le  10 Tensi le  Sonjc 
Table V I I I  ( ~ o n t  ' d )  
Glass 
Number 
6 Young's Modulus 10  p s i  young s ~ o d u l u s  l o G p s i  
Standard Standard 
Deviat ion Glass  Deviat ion 
Tens i le  l o 6  Tens i l e  Sonic Number Tens i l e  l o 6  Tens i l e  Sonic 
82%-Houze Glass U.S. 3,044,888 All t a b u l a t e d  observat ions a r e  t h e  average of 20 
83**-Owens Corning Glass ,  U .S. 3,122,277(#4) observat ions except f o r  40, 83, 126, 129, 233, 275-10, 
3 2 0 ~ 3 ,  331-60 
Compositional D i rec t ion  Guide f o r  Research on 
New B e r y l l i a  Containing Glasses  
I n  Table I X  a l l  of our  t e s t  d a t a  t o  d a t e  have been examined and those  d a t a  
which seemed t o  po in t  t h e  way t o  move i n  our  search  f o r  an improved b e r y l l i a  
conta in ing  g l a s s  have been c o l l e c t e d .  The v a l i d i t y  of t h e  c o r r e l a t i o n s  shown 
he re  w i l l  be  b e s t  t e s t e d  i n  t h e  next  few months as  new g l a s s e s  based on t h e s e  
c r i t e r i a  a r e  developed. 
Compositional D i rec t ion  Guide f o r  Research on 
Non-Toxic Glass Compositions 
I n  Table X t h e  r e s u l t s  of t h e  s c r u t i n y  of a l l  of our  t e s t  d a t a  on non-toxic 
g l a s s  compositions i s  shown. Of t h e  s e v e r a l  hundred non-toxic g l a s s  compositions 
prepared t o  d a t e ,  it i s  evident  t h a t  only a  r e l a t i v e l y  few po in t  a  d i r e c t i o n  i n  
which t o  move t o  achieve high-modulus, high-strength non-toxic g l a s s  f i b e r s .  Far  
fewer dependable l eads  a r e  a v a i l a b l e  f o r  t h e  non-toxic g l a s s  compositions t h a n  i s  
t h e  case f o r  t h e  b e r y l l i a  conta in ing  compositions.  But t h e  f a c t  t h a t  t h i s  research  
i s  q u i t e  hopefu l  i s  evidenced both by t h e  very h igh  bulk  moduli a l ready  a t t a i n e d  
and t h e  ready f i b e r i z a b i l i t y  of some of t h e  s l i g h t l y  lower moduli compositions.  
Again, however, t h e  v a l i d i t y  of t h e s e  guide pos ts  w i l l  be  most ev ident  a f t e r  a  few 
months more research .  
CONCLUSIONS AND FUTURE PLANS 
1. UARL 344 g l a s s  composition i s  h ighly  s u i t a b l e  f o r  t h e  product ion of 
high-modulus, high-strength g l a s s  f i b e r s  a s  evidenced by t h e  product ion of more 
than  f o r t y  m i l l i o n  f e e t  of monofilament from t h i s  g l a s s  wi th  s t r e n g t h s  averaging 
772,000 p s i ,  a modulus of 18.6 m i l l i o n  p s i ,  a  s p e c i f i c  modulus of 157 m i l l i o n  p s i ,  
and a  p o t e n t i a l  p r i c e  comparable t o  t h a t  of "S" g l a s s .  
2. Future  research  on UARL 344 g l a s s  i s  necessary ,  however, both t o  e l imina te  
t h e  present  high degree of v a r i a b i l i t y  i n  s t r e n g t h  and t o  prove t h a t  t h e  compo- 
s i t i o n  can be succes s fu l ly  processed i n t o  g l a s s  f i b e r s  using mult i -hole  bushings.  
3.  No s i n g l e  non-toxic g l a s s  composition i s  as  y e t  outs tanding i n  a l l  
c h a r a c t e r i s t i c s  as  i s  t h e  be ry l l i a - con ta in ing  UARL 344 g l a s s .  . However, some of 
t h e s e  g l a s ses  have even h igher  moduli t han  does UARL 344 and o the r  of t h e s e  
g l a s s e s  wi th  lower moduli have an even g r e a t e r  ease  of f a b r i c a t i o n  i n t o  f i b e r s  
and increased  working range. Future  ex tens ive  research  i n  t h i s  a r e a  w i l l  b e  t h e  
l a r g e s t  p a r t  of our e f f o r t  i n  t h e  remaining con t r ac tua l  per iod ,  
Table I X  
New Compositional Guide f o r  B e r y l l i a  Containing Glasses 
Young ' s 
Mod. 
106~s i 
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Table I X  ( ~ o n t ' d )  
Glass  
4111,2,3 
4161 ~2 
4171 ~2 
418l  
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W 425 
iU 
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433'- 72 
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4 3 8 l ~  
S i02  A1203 MgO Li20 C a O  ZnO 
------ 
Y owng ' s 
Mod. 
6 1 0  p s i  
18 .0  
19 .61  
19.4 
19 .4  
20.2 
19.5 
20.4 
20.6 
20.7 
19.5 
20.6 
W 
Spec. F i b e r  \P 
Mog. Mod. IU 
6 10  i n .  10  p s i  
'Foms c l e a r  g l a s s  s l u g  
3 ~ a s  f avo rab l e  l i q u i d u s  
Compositional Guide-Posts for the Development of Non-Toxic 
(No BeO) Improved High Modulus Glasses 
Composition in Mol Percent Bulk Properties 
"CUO YoungPs Spec. Fiber 
b~e203 Mod. MoC. Mod. Molar 
Glass Si02 A1203 MgO Li20 CaO ZnO La203 Ce203 B203 Zr02 Y203 ' ~ i 0 ~  106~si l07in. 106psi Sum 
- - -  --- 
X Fiberizable 
'~ood quality glass 
z Favorable liquidus 
PERSONNEL ACTIVE ON PROGRAM 
Personnel  a c t i v e  on t h e  program throughout t h e  second qua r t e r  have been 
James F. Bacon, P r i n c i p a l  I n v e s t i g a t o r  and Franc is  Hale and John Schmi t te r ,  
Experimental Technicians.  I n  a d d i t i o n ,  M r .  Roy F a n t i  and D r .  Michael DeCrescente 
of United A i r c r a f t  have c l o s e l y  followed t h e  program and continued t o  use  t h e i r  
considerable  i n f luence  i n  g e t t i n g  o ther  people i n t e r e s t e d  i n  t h e  UARL 344 g l a s s  
as  w e l l  as  i n  g e t t i n g  a d d i t i o n a l  work done on t h e  p r o p e r t i e s  of t h i s  g l a s s  over  
and beyond t h a t  which could be c a r r i e d  out  under t h e  c o n t r a c t u a l  funds. D r .  
Daniel Scola  has  been a c t i v e l y  engaged i n  prepar ing  composites of UARL 344 g l a s s  
f i b e r s  and epoxy r e s i n s  a s  we l l  as  i n  s i z i n g  r e sea rch  f o r  r e t e n t i o n  of t h e  prop- 
e r t i e s  of t h i s  f i b e r .  M r .  Richard C .  Novak has been a c t i v e  on p red ic t ions  of t h e  
advantages of t h e  344 f i b e r  e s p e c i a l l y  i n  modulus-limited a p p l i c a t i o n s .  
Liaison throughout t h i s  program and t h e  p r i o r  programs has been cons t an t ly  
and r egu la r ly  fu rn i shed  by P e t e r  H .  Stranges of t h e  UARL Washington Off ice .  
Throughout t h i s  program and t h e  e a r l i e r  programs UARL personnel  have r epor t ed  
progress  t o  and rece ived  f r i e n d l y ,  cour teous ,  and h e l p f u l  advice from James J. 
Gangler of NASAIOART Washington Headquarters.  
